Background. Conducting research is expected from many clinicians' professional profile, yet many do not have advanced research degrees. Research training during residency is variable amongst institutions and research education needs of trainees are not well understood. Objective. To understand needs of critical care trainees regarding research education. Methods. Canadian critical care trainees, new critical care faculty, program directors, and research coordinators were surveyed regarding research training, research expectations, and support within their programs. Results. Critical care trainees and junior faculty members highlighted many gaps in research knowledge and skills. In contrast, critical care program directors felt that trainees were prepared to undertake research careers. Major differences in opinion amongst program directors and other respondent groups exist regarding preparation for designing a study, navigating research ethics board applications, and managing a research budget. Conclusion. We demonstrated that Canadian critical care trainees and junior faculty reported gaps in knowledge in all areas of research. There was disagreement amongst trainees, junior faculty, research coordinators, and program directors regarding learning needs. Results from this needs assessment will be used to help redesign the education program of the Canadian Critical Care Trials Group to complement local research training offered for critical care trainees.
Introduction
Research is a mandatory activity for all Royal College of Physician and Surgeons of Canada (RCPSC) training programs, including the field of critical care. Trainees in critical care "are expected to participate in a basic or clinical research project" and must "demonstrate a basic understanding of biostatistics, study design, protocol writing, and manuscript preparation. . .under the direction of a scientist or Critical Care Medicine specialist" [1, 2] . This has become an integral part of training programs since we know that a better understanding of reported studies is linked to improved patient care and improvement in the academic mind of the physician [3] . In addition and on a more practical level, having published research is an advantage when applying for further training or employment [4] . Various barriers to successful research amongst trainees have been described in the literature, including lack of interest, lack of time, and poor understanding of research methods [3, 5] .
In Canada, some individual residency programs organize a departmental-specific research course or have trainees who participate in university-wide research courses. These experiences are variable due to lack of resources of each individual program or courses not specific to critical care. Organizations that are not directly affiliated with official training programs may also be tasked to provide research training. The Canadian Critical Care Trials Group (CCCTG) is an internationally recognized group of critical care clinicians and researchers who collaborate to conduct highquality critical care-based research. The CCCTG currently offers a "Resident Research Day," where CCCTG members teach about various aspects of research (such as ethics in critical care research) followed by critical care residents and other critical care research trainees presenting their research projects for feedback from their peers and members of the CCCTG and Canadian Critical Care Translational Biology Group. This research day was designed for critical care trainees based on data from a focus group conducted with CCCTG faculty and trainee members (unpublished data). However, it has been several years since the implementation of this training curriculum; it is unknown whether there has been a change in local resources available to trainees or whether the needs of trainees have evolved. One aspect of the mission of the CCCTG is to "mentor and support aspiring investigators and future leaders in critical care research" (http://www.ccctg.ca/About-Us/Strategic-Directions.aspx).
When developing a new curriculum (or revising an existing one), performing a needs assessment is the necessary first step [6] . Without a needs assessment, any curriculum developed risks devoting unnecessary resources to areas already mastered by the learner and/or paying insufficient attention to areas of particular weakness.
Through a needs assessment, we aim to identify and describe what the learning needs are for research education in critical care in Canada. We plan to target both perceived needs (from the learners themselves) and unperceived needs (from program directors, new faculty researchers, and research coordinators) regarding trainees' needs. Specifically, we aim to gain insight into (1) perceived and unperceived knowledge gaps about the research process, (2) barriers to successful research during residency training, and (3) tools and skills that would be useful for trainees before they take on faculty positions with research requirements. The ultimate aim of this project is to obtain information useful for the development of a research curriculum targeting trainees currently involved in research, with the objective to encourage participation in research as part of their future careers.
We hypothesize that there will be differences between the perceived and unperceived needs related to critical care research education, which will be highlighted when comparing responses amongst trainees, program directors, new faculty, and research coordinators.
Methods
We surveyed various stakeholders including adult and pediatric critical care residents, new academic critical care faculty, critical care research coordinators, and critical care residency program directors during the July 2012 to June 2013 training year.
A voluntary, confidential, self-administered online survey in English (via Survey Monkey5) was sent to eligible participants. Critical care residents were recruited by gathering their contact information from their program directors. We also contacted the Critical Care Department Heads across the country to identify new academic faculty (within 5 years of their appointment). Research coordinators were contacted via the Canadian Critical Care Research Coordinators Group. The research team contacted potential subjects by sending out an electronic letter explaining our research goals with a link to the survey attached. In order to maximize response rate, we emailed participants ahead of the survey and also sent two follow-up reminders after the initial survey was sent out, for a total study period of six months.
The questionnaire for trainees (see Appendix A in Supplementary Material available online at http://dx.doi.org/ 10.1155/2016/9795739 for the full document) consisted of 4 domains: demographic information, current research activities, previous research training (including the CCCTG research day), and a self-assessment of knowledge with various aspects of research (e.g., developing a research question). A similar survey was sent out to university-affiliated critical care faculty who are within 5 years of completing their critical care fellowship. Questionnaires were also distributed to program directors and research coordinators.
Data from Survey Monkey were downloaded to and analyzed in Microsoft Excel5. Quantitative data were analyzed with descriptive statistics (mean and median). For descriptive analyses, we used actual number of respondents for the denominator. We collapsed categories where appropriate to summarize responses in a meaningful manner. Comparisons were made between different respondents; however statistical comparisons were not pursued due to low numbers. Written comments were summarized and grouped into themes.
Ethics approval was obtained from the Conjoint Health Research Ethics Board of the University of Calgary.
Results

Demographics.
Surveys were sent to a total of 235 potential participants with 86 completed surveys returned, yielding an overall response rate of 37%. Table 1 describes the summary of survey responses within each category of respondent. Table 2 describes the demographics of the critical care trainees who responded to the survey.
Trainee Responses.
Of the trainees who responded, 60.7% identified an interest in doing research as a part of their future careers in critical care. At the time of the survey, 86% of trainees were currently involved in a research project. Of the 28 respondents, the majority (75%) had projects representing clinical research, whereas a much smaller percentage was pursuing medical education-based projects or translational medicine projects (7% and 4%, resp.).
Trainees noted that formal research training during their critical care fellowships provided them with a good overview 
14%
Training program (i) Adult 71%
(ii) Pediatric 29%
Specialty prior to critical care (i) Anesthesia 18%
(ii) General surgery 7% of study design and ethics in research but did not give them the skills to be proficient in the specific areas of database management and managing a research team (Figure 1 ). Overall, trainees felt that, in order to assume future professional and research responsibilities, they would benefit from more training in most areas of research, but especially in statistics and writing grant proposals ( Figure 2 ). Trainees felt most comfortable with their ability to navigate ethics in research. touched upon: managing a database management, developing budgets, and writing grant proposals. After formal training, faculty members still did not feel proficient in database management, creating a research budget or managing a research team (Figure 3 ). medium-sized programs (six to eight critical care trainees), 22% of respondents represented smaller programs (three to five trainees), and 22% represented larger programs (greater than eight trainees). All program directors noted that more than 50% of their residents were involved in scholarly work and benefited from protected time during residency to pursue research. This protected time ranged from four weeks to over four months throughout the duration of the 2-year training program. The expectation at the end of residency for all but one program for which information was available is that critical care trainees would have completed a study and/or presented a poster/abstract at a meeting. Program directors generally had a positive perception of critical care trainees' readiness to perform various aspects of research by the end of their training but also identified managing a research team and database management as areas of relative weakness (Figure 4 ).
Program Director
Research Coordinator Responses.
Forty-two percent of surveyed research coordinators stated that they work with critical care trainees and junior faculty. Research coordinators echoed that trainees and junior faculty were least proficient in the areas of managing a research team, developing a budget, and managing a database ( Figure 5 ). Contrary to the feeling of program directors, research coordinators felt that trainees and junior faculty needed to develop proficiency in study design and setting up a research budget. Contrary to the feelings of both program directors and trainees, research coordinators felt that trainees and junior faculty also required more training on ethics in research (Figures 6, 7, and 8 ). availability of mentorship and easier access to statistical support as needed resources for trainees.
CCCTG Research Course. Thirty percent of program directors felt that the CCCTG research course was valuable
Discussion
Our study demonstrated that trainees and junior faculty members still felt inadequately trained in several researchrelated areas following their critical care fellowships. This was in contrast with the expressed views of program directors who felt that trainees were generally well prepared for undertaking research. In addition, we found that there were some discrepancies between the areas of perceived need for further training between the trainees/junior faculty and the research coordinators surveyed. The discrepancy between program directors and research coordinators may be due to program directors trying to ensure that trainees learn general skills as a scholar whereas research coordinators are focused specifically upon research. Although almost half of coordinators who responded indicated they worked with trainees and/or junior faculty, the extent to which they worked with them was likely variable. Further work would have to be done to clarify this relationship and its possible link to the opinions of coordinators regarding research educational needs of trainees and junior faculty. The specific areas of need identified by trainees and junior faculty included database and research team management, how to manage a research team, and how to prepare a research budget, statistical analysis, and grant writing. In addition, research coordinators identified study design and research ethics as further areas in which research training was necessary for critical care trainees and junior faculty. Further study is required to more thoroughly understand why this difference of opinion exists. For example, what are the gaps that the research coordinators perceive trainees have with research ethics? This may prove to be an opportunity for research-focused organizations, such as the CCCTG, which could focus on areas of research training that are not well addressed currently by formal research education. The CCCTG could develop a longitudinal or rotating seminar series based upon these perceived gaps, adding value to the current CCCTG research curriculum. In addition, given their detailed knowledge about the research process, research coordinators may be recruited by the CCCTG as a valuable resource in educating trainees about real-life operational issues related to conducting research.
To date, there are no studies describing critical care research education. Studies related to research education in general have suggested that factors that were most predictive of positive research experiences during training and continuation of a research career included intellectual satisfaction and training grants [7] . With this in mind, the CCCTG could take a role in announcing available grant opportunities and helping trainees with their applications.
Another theme that has become prominent in the literature regarding research education is one of mentorship. Mentors are important not only in the undertaking of a research project, but also in helping trainees shape research careers [7] . Our finding of the importance of mentorship was echoed in the results of a recent survey of critical care medicine trainees. These authors found that trainees expressed a need for more mentorship of nonclinical activities, including research [8] . The CCCTG, along with critical care programs, could consider developing a network of researchers who would be interested in mentoring fellows with various parts of their research and who could also be helpful in research career mentorship. Currently, the CCCTG identifies mentors for junior faculty, but there is a clear need to extend this partnership to trainees and to further formalize the mentorship process. Because a majority of trainees were identified as having a research supervisor, the role of this mentor may not need to be in helping with the finer details of the research project, but more focusing on ways to construct a meaningful research career. It can be assumed that many research skills are honed through experience rather than via formal education, such as managing a research team and creating a budget. This makes longitudinal mentorship even more important as trainees are transitioning from primary work in designing a study to more challenging and managerial aspects of research. Another role for CCCTG mentors would be to expose trainees to researchers who excel in various different styles of research, such as Knowledge Translation, to give trainees a wide example of types of research available.
Even though a majority of trainees were involved in a research project during their critical care residencies, only 60% were interested in pursuing research in their future career. A similar trend was found amongst junior faculty members, with only 20% of those surveyed currently in a research-based position. It is unclear whether this represents the whole group of trainees and junior faculty members, but it would be important to pursue so as to understand better the barriers to a successful research career. It is unclear whether this is due to waning interests, lack of protected time, competing clinical careers, or other barriers. In order to gain a deeper understanding about the data gathered above, hosting focus groups of trainees at their respective sites or via teleconference would be a good adjuvant.
As a majority of respondents felt that a longitudinal research training program would be the most beneficial to improving research knowledge and skills, further work needs to be done to identify how curriculum content could be best disseminated (e.g., online seminars and live webinars) in spite of workload and monetary constraints. Consideration must be given to time available for these opportunities, given all the other responsibilities that critical care trainees have. Currently in Canada, this training is 2 years in length; for people interested in a research career, training beyond these 2 years may be required. This study's major limitation is the fact that there were differences in representation within the respondent groups. In particular, research coordinators were better represented than critical care trainees. In addition, our absolute number of respondents was small, especially in the trainee and junior faculty categories, yielding a response rate less than the 50-75% desired [9, 10] . Having robust data representing the opinions of junior faculty members would have been valuable as we felt that they would have the most insight into what their needs were transitioning from training to being a clinician and researcher. Future studies are needed to target input from these groups. Further, we do not know to what extent respondents and nonrespondents differ, introducing a potential source of bias into our results. Another limitation would be that faculty in nonacademic centres and community critical care physicians were not included in this study. These physicians may argue that intensive research training during fellowship would not have been necessary or valuable for their career progression. This information would be important to determine whether a dedicated CCCTG research course would be appropriate or necessary for all trainees. Finally, further engagement with program directors is planned regarding how they envision the CCCTG research curriculum complementing their locally available educational opportunities. We plan to create a summary of all the available research educational opportunities from around the country so that individual trainees could potentially access the resources they need to prepare them for a future research career.
Conclusion
Research education is an important part of training for all critical care physicians. With the information from our survey, we envision a research curriculum that complements training provided locally so that all research education goals are met by the end of training. Although we focused on the needs of critical care trainees in Canada, these data may be more widely applicable to trainees of all postgraduate programs in Canada or internationally.
As it has in the past, the CCCTG can continue to be a valuable resource for the education of current and future critical care trainees to help prepare them for a career in research.
